This technical paper presents the genetic programming (GP) approach to predict the critical submergence for horizontal intakes in open channel flow for different bottom clearances. Laboratory data from the literature for the critical submergence for a wide range of flow conditions were used for the development and testing of the proposed method. Froude number, Reynolds number, Weber number and ratio of intake velocity and channel velocity were considered dominant parameters affecting the critical submergence. The proposed GP approach produced satisfactory results compared to the existing predictors.
D
Depth of flow in the channel 
GENETIC PROGRAMMING
GP follows the process of natural evolution in which the species survive as per the principle of 'survival of the fittest'.
It is similar to the widely known genetic algorithm (GA), but The present GP utilizes a two-point string crossover. A segment of random position and random length is selected in both parents and is exchanged between them. If one of the resulting offspring exceeds the maximum length, the crossover is abandoned and is restarted by exchanging equalized segments (Brameier & Banzhaf ) . An operand or an operator of an instruction is changed by mutation into another symbol over the same set.
The fitness of a GP individual f may be computed by using the equation
where X j is the value returned by a chromosome for the fitness case j, Y j is the expected value for the fitness case j, and N is the number of fitness cases. included in the present study are summarized in Table 1 .
The factors affecting critical submergence are
c, width of the channel b, circulation Γ, mass density ρ, dynamic viscosity μ, surface tension σ, and acceleration due to gravity g. The functional relationship for the critical submergence S C can be written as
These dimensional parameters are frequently limited in the laboratory ranges. Therefore, to cover the wide range of input data for the applicability of the models in the field, non-dimensional parameters are defined below using ρ, d i , and V i as repeating variables
where R ¼ intake Reynolds number and W ¼ Weber number. 
The functional relationship for S C /d i has been developed using the available data, and by invoking the GP.
GP modeling for critical submergence
The scenarios considered in building the GP model include inputs (F, R,W, U i /U ∞ ) and output (S C /d i ). From the collected data sets used in this study, around 70% (114 data sets) were used for training (chosen randomly until the best training performance with low root mean square error (RMSE) was obtained), while the remaining 30% (48 data sets) were used for testing or validating the GP models developed individually for c ¼ 0 and d i /2.
In this study, four basic arithmetic operators (þ, -, *, /) and three mathematical functions (√, x 2 , power) were utilized. The number of generations used to obtain the optimal solution was 5,000. First, the maximum size of each program was specified as 256, starting with 64 instructions for the initial program. The functional set and operational parameters used in the present GP modeling are listed in Table 2 .
The simplified analytic form of the proposed GP models for c ¼ 0 and c ¼ d i /2 may be expressed, respectively, as
Training and testing of the proposed GP model
The performance of the proposed GP model is validated in terms of the common statistical evaluation parameters, i.e.
R (coefficient of correlation), RMSE and δ (average absolute deviation) which are expressed as 
and n ¼ number of samples.
First, an attempt was made to assess the significance or influence of each input parameter on S C /d i , i.e. sensitivity analysis. Table 3 compares the performance of the various GP models, with one of the independent parameters removed in each case. It may be noted that deletion of any independent parameter from the input set, i.e. Equation (6) yields larger RMSE and lower R values. Therefore, it is concluded that the four independent parameters, F, R, W
and U i /U ∞ have significant influence on S C /d i -thus the first model of Table 3 is recommended. The GP models,
i.e. Equations (7) and (8) 
RESULTS AND DISCUSSION
The proposed GP models were tested with the unused data (about 30% of the total data), and the results were compared with the predicted value of critical submergence using
Equations (1) and (2) 
